Background/Aims: The ability of endoscopic submucosal dissection (ESD) to resect large early gastric cancers (EGCs) results in the need to treat large artificial gastric ulcers. This study assessed whether the combination therapy of rebamipide plus a proton pump inhibitor (PPI) offered benefits over PPI monotherapy. Methods: In this prospective, randomized, multicenter, open-label, and comparative study, patients who had undergone ESD for EGC or gastric adenoma were randomized into groups receiving either rabeprazole monotherapy (10 mg/day, n=64) or a combination of rabeprazole plus rebamipide (300 mg/day, n=66). The Scar stage (S stage) ratio after treatment was compared, and factors independently associated with ulcer healing were identified by using multivariate analyses. Results: The S stage rates at 4 and 8 weeks were similar in the two groups, even in the subgroups of patients with large amounts of tissue resected and regardless of CYP2C19 genotype. Independent factors for ulcer healing were circumferential location of the tumor and resected tissue size; the type of treatment did not affect ulcer healing. Conclusions: Combination therapy with rebamipide and PPI had limited benefits compared with PPI monotherapy in the treatment of post-ESD gastric ulcer (UMIN Clinical Trials Registry, UMIN000007435). (Gut Liver 2016;10:917-924) 
INTRODUCTION
Endoscopic submucosal dissection (ESD), an endoscopic resection technique first developed in the late 1990s and early 2000s, has become a standard method for the treatment of early gastric cancers (EGC) and some gastric adenomas in Japan, Korea, and other countries. 1 ESD has advantages over the prototype endoscopic resection procedure, endoscopic mucosal resection (EMR), mainly because ESD enables the resection of large lesions en bloc, enhancing complete resection rates. 2 However, ESD procedures also have drawbacks, including higher rates of complications, such as delayed bleeding, than EMR. 3 In addition, the use of ESD to remove large mucosal EGCs results in larger artificial gastric ulcers, making it necessary to develop therapeutic strategies to heal artificial ulcers after ESD. Proton pump inhibitors (PPIs) are the major class of drugs currently used to treat peptic ulcers. PPIs have shown efficacy in treating post-ESD artificial gastric ulcers, with significantly lower rates of delayed bleeding than histamine H 2 -receptor antagonists. 4 However, initial ulcer size has been reported to affect artificial ulcer healing by PPI, as ulcers larger than 4 cm were likely to remain unhealed after 4 weeks of PPI treatment. 5 Thus, strategies are needed to treat large artificial ulcers. The efficacy of PPI therapy also depends on an individual's ability to metabolize these drugs. PPIs are metabolized by CYP2C19. 6, 7 However, CYP2C19 genotypes vary, with patients classified into three types: rapid metabolizers (RM), intermediate metabolizers (IM), and poor metabolizers (PM). The PPI rabepraThis is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 8, 9 However, these data were obtained in healthy volunteers. Thus, the healing effect of rabeprazole in patients with post-ESD artificial gastric ulcer and different CYP2C19 genotypes has not been assessed. No optimal therapeutic strategy has yet been established for patients with post-ESD gastric ulcers. Although rebamipide add-on therapy to a PPI has been shown more effective than PPI alone in healing artificial ulcers, that study was performed in a small number of patients, and the effects of the CYP2C19 genotype on ulcer healing were not determined. 10, 11 The aim of this study was to evaluate the effect of combination treatment with rebamipide and a PPI in larger numbers of patients with artificial gastric ulcers after ESD. In addition, CYP2C19 polymorphisms were analyzed in patients with EGC or adenoma who underwent ESD, and the effect of CYP2C19 genotype on the efficacy of rebamipide add-on investigated.
Limited Effect of Rebamipide in Addition to
MATERIALS AND METHODS
Study setting
This prospective, randomized, multicenter, and open-labeled comparative study included patients who underwent ESD for EGC or gastric adenoma in the Department of Medicine and Bioregulatory Science of Kyushu University, Aso Iizuka Hospital, Kitakyushu Municipal Hospital, National Hospital Organization Kyushu Medical Center, Saiseikai Fukuoka General Hospital, and Harasanshin Hospital from August 2010 to September 2012. The study protocol was approved by the ethics committee of each institution. In addition, this trial was conducted in accordance with the ethical principles stated in the Declaration of Helsinki. Written informed consent was obtained from all participants. This trial was registered with the UMIN Clinical Trials Registry, number UMIN000007435.
Study design
Patients aged ≥20 years who underwent ESD for the treatment of EGC or gastric adenoma, in which the tumor was resected en bloc, were included. Patients were indicated for ESD to treat EGC if they had (1) differentiated mucosal cancer without ulcer findings, irrespective of tumor size; (2) differentiated mucosal cancer ≤30 mm with ulcer findings; (3) differentiated cancer ≤30 mm with minute submucosal invasion (<500 µm from the muscularis mucosa); or (4) undifferentiated mucosal cancer ≤20 mm without ulcer findings. 12 Patients were excluded if they (1) were pregnant or possibly pregnant; (2) had a history of allergy to the test drugs; (3) had serious complications; (4) took nonsteroidal anti-inflammatory drugs, including a cyclooxygenase 2 selective inhibitor or low-dose aspirin; or (5) took corticosteroids. Patients who underwent piecemeal tumor resection, with resected specimens having affected horizontal or vertical margins, or who underwent gastrectomy as additional therapy after ESD were also excluded. Patients were admitted 1 day before ESD and hospitalized for at least 7 days after ESD. All patients received intravenous omeprazole on the first 2 days after ESD, followed by randomization 1:1 to the PPI rabeprazole (10 mg/day; monotherapy group) or to rabeprazole plus 100 mg rebamipide 3 times/day (combination therapy group) for 54 days. For randomization, the central registration center at Kyushu University assigned a trial drug code to each patient. Patients positive for antibody to Helicobacter pylori underwent eradication therapy after a course of antiulcer treatment with a PPI alone or PPI/rebamipide combination. Thus, the success or failure of H. pylori eradication did not influence the healing rate of post-ESD gastric ulcer.
ESD procedure
ESD was performed as described. [13] [14] [15] Briefly, marks were made on the normal mucosa surrounding the lesion using a needle knife or argon plasma coagulation to indicate safety margins. The submucosal layer was injected with a solution of 10% glycerin, 0.9% NaCl, and 5% fructose (Glyceol; Chugai Pharmaceutical, Tokyo, Japan) or hyaluronic acid solution (MucoUp; Johnson and Johnson, Tokyo, Japan) to elevate the mucosa. Using an electrosurgical knife, such as an insulationtipped knife (Olympus, Tokyo, Japan), hook knife (Olympus), flex knife (Olympus), flush knife (Fuji Film, Tokyo, Japan), or clutch cutter (Fuji Film), the normal mucosa surrounding the markings was circumferentially incised and the submucosa beneath the lesion was dissected, with additional injections of Glyceol or MucoUp as required, to remove the entire lesion. Hemostatic forceps (Coagrasper; Olympus) or a clutch cutter was used for hemostasis.
Endpoints
The primary endpoint was transfer rate to the ulcer scar, as determined by endoscopy after 4 and 8 weeks, in the monotherapy and combination therapy groups. Secondary endpoints included scarring rates according to the size of the resected tissues and differences in CYP2C19 genotypes of the two groups.
Outcome evaluations
Artificial ulcer healing was evaluated endoscopically after 4 and 8 weeks by representative blinded gastroenterologists, with ulcer stage evaluated as described. 10 Scar stage (S stage) was defined as healing of the ulcer, whereas healing stage (H stage) indicated that the ulcer had not yet healed. Ulcer size was endoscopically evaluated by inserting a scale thorough a forceps channel. The dissection size was measured by pinning the specimen flat on a rubber plate. CYP2C19 genotype was assessed in all study subjects by a polymerase chain reaction restriction fragment length polymorphism method with allele-specific primers for identifying the CYP2C19 wild-type (*1) gene and the two mutant alleles, CYP2C19*2 (*2) and CYP2C19*3 (*3). The subjects were classified into three genotype groups: RM (*1/*1), IM (*1/*2 and *1/*3), and PM (*2/*2, *3/*3, and *2/*3). 16 
Sample size estimation
A previous study reported that 68% of patients who received PPI plus rebamipide improved to S stage, compared with 36% in the PPI monotherapy group (p=0.010). 10 Based on this finding, and assuming an α-error <0.05 and a β-error <0.2, at least 52 patients per group would be needed to show a between-group difference. Assuming that 10% of patients screened are ineligible and 10% drop out during the study, 65 patients per arm were set as the target sample size.
Statistical analysis
Continuous variables in the two groups were compared using Student t-tests, whereas categorical variables were compared using the chi-square or Fisher exact test. Factors predictive of ulcer scarring were determined by linear logistic regression analyses. All statistical analyses were performed using SPSS version 12.0 (SPSS Inc., Chicago, IL, USA). A p<0.05 was considered statistically significant.
RESULTS

Clinical characteristics of the patients in the monotherapy and combination therapy groups
A total of 130 patients were deemed eligible and randomized to the two study groups (Fig. 1) . Nine patients in the monotherapy group and 12 in the combination therapy group were excluded from the study owing to the performance of additional gastrectomy, protocol violation, lack of endoscopy, or drop out, leaving 55 patients in the monotherapy group and 54 in the combination therapy group. Table 1 shows the demographic and clinical characteristics of the 130 enrolled patients. There were no significant differences in age, sex, drinking habits, smoking habits, presence or absence of H. pylori infection, history of treatment for gastric cancer, tumor locations, macroscopic and histological tumor types, severity of atrophic gastritis, association of ulcer findings with the tumor, size of resected tissue, and size of the post-ESD ulcer or tumor depth between two groups. CYP2C19 genotype was also similar in the two groups.
Outcomes of monotherapy and combination therapy for post-ESD gastric ulcers
The transfer rates of post-ESD artificial gastric ulcers to S stage in the monotherapy and combination groups were 19.3% and 9.5%, respectively, at 4 weeks and 84.5% and 81.8%, respectively, at 8 weeks in intention-to-treat analysis (ITT), without significant difference. In per-protocol (PP) analysis, the transfer rates to S stage at 4 weeks (17.3% vs 11.5%, p>0.05) and 8 weeks (85.5% vs 83.3%, p>0.05) were also similar in the monotherapy and combination therapy groups (Table 2 ). There was no significant add-on effect of rebamipide in the entire population.
As PPI monotherapy may not be sufficient to heal large post-ESD gastric ulcers and rebamipide may have some additive effect, patients were divided by the size of the resected tissue. Receiver operating characteristic curve analysis showed that the cutoff of resected tissue size for distinguishing transfer to S stage at 8 weeks was 42.78 mm in ITT analysis and 42.1 mm in PP analysis. However, the rates of S stage at 4 and 8 weeks in patients with large and small resected tissue size did not differ significantly in the two groups, in either ITT or PP analysis (Table  3) . Thus, rebamipide add-on did not have a substantial effect in patients with large post-ESD ulcers.
Another possibility is that the healing of post-ESD ulcer may be delayed in patients with the CYP2C19 RM or IM genotype treated with PPI monotherapy and that rebamipide may have some additive effect on PPI. In analyzing the CYP2C19 genotype, the transfer rates to S stage at 8 weeks in patients with RM, IM, and PM were 80.0%, 80.8%, and 100%, respectively, in the monotherapy group, and 81.0%, 81.8%, and 88.9% in the combination therapy group, in ITT analysis. In PP analysis, transfer rates to S stage at 8 weeks were 80.0%, 82.6%, and 100%, respectively, in the monotherapy group, and 81.0%, 85.7% and 88.9%, respectively, in the combination therapy group. None of the between-group differences was statistically significant in either ITT or PP analysis (Table 4) . Similarly, transfer rates to S stage at 4 weeks for each genotype were similar in the two groups in both analysis sets. Fig. 2 shows the mean sizes of post-ESD ulcers before treatment and 4 and 8 weeks after treatment. The rate of reduction in ulcer size was similar in the monotherapy and combination therapy groups.
Delayed bleeding was observed in one patient in the monotherapy group 22 days after ESD and in one patient in the combination therapy group 14 days after ESD: there was no significant difference.
Factors influencing the healing of post-ESD ulcer
As the scarring ratios were similar in the monotherapy and combination therapy groups, factors influencing the healing of post-ESD ulcer at 8 weeks were analyzed. Univariate analysis showed that smoking habit, histological type, size of the resected tissue, and size of the post-ESD artificial ulcer were significant factors affecting scarring (Table 5) . Post-ESD ulcer size was excluded from the subsequent multivariate analysis, owing to the strong correlation between resected tissue size and ulcer size (r=0.81). Thus, circumferential location of the tumor and size of the resected tissue were independent factors for scarring (Table 6 ). Treatment type, whether monotherapy or combination therapy, was not associated with the healing of post-ESD ulcers.
DISCUSSION
Previous studies reported that rebamipide had an additive effect on the treatment of post-ESD gastric ulcer when included with a PPI. 10, 11 However, this study found no difference in the transfer rate to S stage between patients treated with rabepra- zole alone and patients treated with a combination of rabeprazole and rebamipide. Compared with rabeprazole 20 mg/day alone, the addition of rebamipide 300 mg/day to rabeprazole 20 mg/day was reported to significantly improve transfer rates to S stage at 8 weeks, from 54.8% to 86.7%. 11 That study employed a similar study design as ours, except that the dosage of rabeprazole (20 mg/day) was higher than ours (10 mg/day). Despite the higher dosage of rabeprazole, the scarring rate in the monotherapy group was higher in our study (85.5%) than in the earlier trial (54.8%). Although the earlier study showed that the between-group differences in healing rates were not significant for ulcers located in the upper and middle thirds of the stomach, the rates for ulcers located in the lower third of the stomach were much lower in the monotherapy than in the combination therapy group (41.7% vs 91.7%). In our study, however, we did not observe any between-group difference in healing rates of ulcers located in the lower third of the stomach (data not shown). The previous study also reported that the betweengroup difference in ulcer healing rates differed in patients with O-3 type atrophic gastritis, a difference not observed in our study (data not shown). The addition of rebamipide 300 mg/day to rabeprazole 10 mg/day was reported to significantly improve the scarring ratio of post-ESD gastric ulcer after 4 weeks, from 36% to 68%. 10 Although that study failed to show a significant between-group difference in healing rates for ulcers >40 mm, a later study showed that the addition of rebamipide increased healing rates for ulcers >40 mm. 17 In the present study, scarring rates at 4 weeks were 17.3% and 11.5% in the monotherapy and combination therapy groups, respectively, with no additive effect of rebamipide observed. The reasons for these discrepancies remain unclear.
The above mentioned studies had relatively small sample sizes (n=62 and n=64, respectively) . 10, 11 To analyze the add-on effect of rebamipide in larger numbers of patients, we enrolled 130 patients, but found that rebamipide did not have a substantial add-on effect. However, another study with a similar design in an even larger number of patients (n=309) found that rebamipide had an additive effect when administered along with a PPI. 18 Thus, one limitation of the current study may have been insufficient statistical power. However, the other study tested a different type of PPI (pantoprazole), preventing a simple comparison of the results of the two studies.
Another limitation of the study is that we analyzed only serum H. pylori antibody as the test for H. pylori infection. As the presence of H. pylori antibody does not always means the current infection of H. pylori, it might be ideal to employ two different types of diagnostic modalities such as H. pylori antibody and rapid urease test. However, only H. pylori antibody was employed due to the feasibility reason. Thus, it is considered some of the patients with prior infection were included in the H. pylori positive group.
PPI monotherapy for 4 weeks was reported to be insufficient for healing large post-ESD ulcers, 5 suggesting that rebamipide add-on to PPI may be more effective in patients with large post-ESD ulcers. However, no such additive effect was observed, even in patients with large resected tissue. Moreover, CYP2C19 genotype was thought to affect the healing of post-ESD ulcer by PPIs. It was predicted that a PPI alone may be sufficient for the treatment of post-ESD ulcers in patients classified as PM, whereas the addition of rebamipide may be necessary in patients classified as RM and IM. However, no differences in these subgroups were observed between patients treated with monotherapy and combination therapy. Compared with H 2 receptor antagonists, PPIs were reported to significantly reduce the incidence of delayed bleeding after ESD. 4 In this study, only one patient in each group experienced delayed bleeding; however, the sample size was too small to detect any differences. As the incidence of delayed bleeding in patients receiving PPI monotherapy is estimated to be small, a very large sample size will be necessary to determine the effects of additional rebamipide on delayed bleeding rates. Multivariate analyses of factors that influence the healing of post-ESD-ulcer showed that circumferential location of the tumor and the size of the resected tissue were independent factors affecting ulcer healing. Tumor location in the lesser curvature seemed to be predictive of scarring, but this factor was not assessed in previous reports. 10, 11 Type of treatment, whether monotherapy or combination therapy, was not predictive of ulcer healing, providing further evidence that rebamipide had little additive effect on PPIs.
In conclusion, rebamipide add-on therapy to PPI did not show substantial benefits, when compared with PPI monotherapy, in the treatment of post-ESD ulcers. Another approach may therefore be necessary to improve the treatment of post-ESD ulcers.
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